The oxidant properties of iron-overload and simultaneous ethanol consump tion have received much interest, due to evidence reporting from hereditary hemochroma tosis (HC). The full form of this disease is often associated with chronic alcoholism . An additive effect of toxicity of iron and ethanol was assumed . In this study, we examined nutri tively iron-loaded Wistar rats (n=59) (TMH-Ferrocene) additionally fed with ethanol up to 8% in drinking water for 36wk. Methods: By reverse-phase HPLC we measured the concen tration of ascorbic acid, tocopherole and retinol in serum and liver homogenates as well as transaminases in the serum. Lipid peroxidation was assessed utilizing the ethane-exhalation method, Iron concentration in the liver was measured with the Bathophenanthrolin method. Liver histology was performed to investigate the iron deposits and the organ dam age (H. E., Azan and Berlin-blue-stainings). Results: 1 . Vitamin C: A linear decrease of the concentration of vitamin C in serum and liver was found independent of alcohol and iron uptake. 2. Vitamin E: Animals fed iron and alcohol showed elevated vitamin E concentra tions in the serum but not in the liver. 3. Vitamin A: Elevated levels in serum but strongly decreasing levels in liver could be measured. 4. Histology: All iron-fed animals showed mas sive deposits of iron in the liver. Iron diet caused liver cirrhosis , while an additional adminis tration of ethanol could prevent this. 5. Lipid peroxidation increased in animals fed ethanol and iron, but was significantly lower in animals only receiving an iron diet . Conclusion: Evi dence indicates that the additional exposition to ethanol in iron-loaded animals could mod ulate the organ damage and oxidative stress, The biochemical findings are positively correlated to the histology.
Whether the chronic consumption of ethanol leads to enhanced intestinal iron-uptake has been a subject of much controversy over the last few years . Earlier stud ies show that almost 30% of the patients suffering from hereditary hemochromatosis (HC) also have an alcohol addiction. At that time, general opinion was that for the complete form of this disease to develop, an excessive intestinal uptake of ethanol played a vital role . In the meantime, it has been found that HC is autosomal recessively inherited and for the full form of the disease , homozygocity is essential. Heterozygote carriers of the HC gene, whether or not alcoholic at the same time , only develop a light siderosis of the liver, with tissue iron being stored mainly in the Kupffer cells.
The only known case of an alcohol-induced, nutri tively triggered iron-overload is the so-called Bantu-sid erosis. The Bantu, an indigenous African tribe , traditionally brewed a form of iron-containing beer , which was heavily consumed by tribe members . The high levels of iron present in this beverage were caused by the preparation of the beer in iron kettles . Recently, a genetic defect relating to this condition has also been discussed (1) (2) (3) (4) (5) (6) .
Vitamin C has been linked to pathological processes by several studies. For example, diseases associated with a mild lack of vitamin C are generally cardiovascular diseases, cancer, and diseases of connective tissue . Ascorbic acid (vitamin C) is a powerful antioxidant in cells, a property mostly due to its high reactivity with free radicals (7) . It even reacts with glutathione radicals in the aqueous phase and with vitamin E at the aque ous-lipid interface. The relative concentration of ascor bate has been suggested to be an indication of systemic oxidative stress. For example, plasma and lymphocyte (13, 14) . Hepatic iron overload is commonly observed in alco holics (16) . The pathophysiological effects and the mechanism of hepatic iron overload in alcoholic liver disease are not yet fully understood. Iron within the liver is found in several biochemical forms, such as heme iron and non-heme iron, including ferritin, hemosiderin, and free iron. Free iron induces formation of free radicals and especially stimulates lipid peroxida tion, with the resulting oxidative products causing direct cellular injury. Higher concentrations of liver malondialdehyde and 4-hydroxy-2-nonenal have been found in ethanol-fed rats with additional iron supple mentation, than in those that were ethanol-fed alone Table 1 .
Measurement of iron in the liver.
The liver iron was measured at regular intervals. These mea surements are summarised in Table 2 . Table 2 .
The constituents of the normal animal diet. (17) . Moreover, iron supplementation in ethanol-fed rats accelerated hepatic fibrogenesis in association with the increase of malondialdehyde and adducts in the liver tissue. Hepatic iron overload may be closely impli cated in hepatocellular damage via iron-induced forma tion of free radicals. Chronic uptake of ethanol leads to the first step in the reversible enrichment of fatty acids in liver tissue . The second step is alcoholic hepatitis, which following fur ther development causes cirrhosis of the liver through the transformation of Ito-cells into fibroblasts . Toxic acetaldehyde is responsible for alcohol-induced damage to the liver, probably through several processes; distur bance of oxygenase activities, stimulation of lipid perox idation; and enhanced production of neutral fats .
The oxidant properties of iron-overload with simulta neous ethanol exposition have received much interest , largely due to evidence reporting from hereditary hemochromatosis (HC), where the full form of this dis ease is often associated with chronic alcoholism . Lipid peroxidation is considered as a main factor of organ damage in these diseases.
This study further explores the relationship between alcohol-uptake and iron-overload and its effects on lipid peroxidation. Groups of animals with and without iron overload and up to 8% alcohol-ingestion were com pared. Whether or not a nutritive iron overload contrib utes as an additional toxic effect on liver tissue was examined, along with the antioxidative status of the tis sue. Female Wistar rats (n=59) that were nutritively iron-loaded and additionally fed with ethanol up to 8% in drinking water for a maximum of 36wk were exam ined. Iron-overload of liver tissue was achieved by feed ing a diet containing 0.5% trimethylhexanoyl-ferrcene . This diet leads to a rapidly progressive hepatocellular iron-overload, comparable to the iron deposits in HC in man (18, 19) . Using HPLC, we measured the levels of the vitamins A, C and E in serum and liver homoge nates of the animals. We also examined liver histology (Azan, and Berlin-blue-stainings).
MATERIALS AND METHODS
Animals. Fifty-nine female Wistar rats (130-140g; Wiga, Hannover, Germany) at 8wk of age were ran domly assigned to five experimental groups of ten ani mals and one control group of nine animals. The animals were individually housed in stainless-steel cages. The experimental groups were fed an iron-over load-diet (ID) (from Altromin, Germany, C1000 and C1038 with 0.5% TMH-ferrocene) and/or ethanol (Eth) in drinking water at different concentrations, provided ad libitum for 36wk: Group (A) ID and 2% Eth; (B) ID and 5% Eth; (C) ID and 8% Eth; (D) ID; (E) 8% Eth; (F) Control (experimental Groups A-E: n=10, control Group F: n=9). Table 2 shows the content of the rat diet.
Body weights were recorded once per week. One or two rats from each group were sacrificed after 4wk by exsanguination under carbon dioxide anaesthesia and their blood collected. Liver tissue was also harvested groups was observed. In comparison, no difference in liver-vitamin E levels was seen among the different groups, however all animals showed a general linear decrease in liver-vitamin E (Fig. 4, a and b) . Ethane-exhalation Animals receiving ethanol, iron or a combination of the two showed a significant increase of lipid-peroxida tive activity (p=0.01). There was no difference between the animals receiving 2, 5 or 8% of ethanol and ID . A significant difference was found between Group E and the other experimental groups (Fig. 5) .
Serum-transaminases
Hepatotoxicity was evaluated by measuring the activity of serum enzymes (alkaline phosphatase [ALP] , alanine aminotransferase [ALT], and aspartate amino transferase [AST]). The enzyme levels were determined as previously described (29, 30) . The administration of TMH-ferrocene alone significantly increased the activ ity of ALP (62.4 to 517.3U/L), ALT (from 102 .3 to 932.7U/L) and AST 121.5 to 1,232.3 (U/L). Whereas the administration of ethanol up to 8% and iron led to a significantly increased level of the enzyme activities (Fig. 6 ). Liver iron Liver iron was determined using the bathophenan throlin-method as previously described. The four exper imental groups showed no significant differences compared to each other, but were showing increased levels of iron compared to the non-iron overloaded, eth anol-exposed group. It shows significantly higher liver iron concentrations (p=0.01) and the total liver iron (p=0.02) compared to the non iron-overloaded, non ethanol-exposed group. The feeding of 8% ethanol alone did not cause iron storage (Table 1) . Histology Histological analysis of liver samples from all animals was performed after 36wk using H&E Azan and Ber lin-Blue staining. All animals in groups which were fed ID, showed massive iron-deposits in hepatocytes, Kupffer-cells, and also in macrophages localised in the periportal areas. However, a difference was detected within these groups as to the degree of fibrosis present in these iron-loaded animals. Animals in Group D, which were fed ID without ethanol, showed severe liver cirrhosis after 36wk. Animals that additionally received 2% ethanol (Group A) only showed a mild increase in connective-tissue, without destruction of the liver structure. An increase in the concentration of ethanol applied, up to 8% (Groups B and C), did not pre Similar to other reports (32), we have shown that chronic ethanol feeding results in a significant decrease in retinol concentrations in the liver of rats. Elevated serum-retinol concentrations in terms of oxidative stress have not previously been recorded. Retinoic acid, the most active form of vitamin A, plays an important role in the control of cellular proliferation and differen tiation. Therefore, a decreased cellular retinoic acid level may lead to enhanced cell proliferation and poten tially to tumour formation. Decreased liver and elevated plasma retinoic acid concentrations as a result of alco hol feeding and iron overload in our in vivo study could be caused by several mechanisms. First, ethanol acts as a competitive inhibitor of retinol oxidation in the liver and also other tissues (33) . Ethanol metabolism under goes a two-step process: Initially, it is oxidized to acetal dehyde, and then acetaldehyde is subsequently oxidized to acetic acid. Similarly, retinol is converted into retinal dehyde, and then retinaldehyde can be oxidized to retin oic acid. The reversible oxidation of retinol to retinal by class I alcohol dehydrogenase (ADH) is the limiting step in retinoic acid biosynthesis (34, 35) . Human class I ADH, which also functions as a retinol dehydrogenase, consists of ADH1, ADH2, and ADH3 and is mainly loc alised to the liver (36) . High doses of ethanol may com petitively inhibit these ADH enzymes (37) and thus biosynthesis of retinol. The elevated levels of retinol in serum observed could thus be explained as a temporary event, where retinol is used extra-hepatically to com pensate oxidative stress and therefore the hepatic depos its are released.
As previously described by Kawase et al., the effects of chronic ethanol feeding on hepatic lipid peroxidation showed that dietary vitamin E is an important determi nant of hepatic lipid peroxidation. Hepatic lipid peroxi dation significantly increased after chronic ethanol feeding in rats receiving a low-vitamin E diet. Here plasma alpha-tocopherol was also elevated after etha nol feeding (38) . This could be explained by the associ ated hyperlipemia. Nevertheless, decreasing concent rations of alpha-tocopherol in serum and liver indicate consumption of this antioxidant. These data suggest that ethanol and iron feeding causes a remarkable alteration of vitamin E metabolism in the liver and that the combination of ethanol with high iron intake results in a decrease in hepatic alpha-tocopherol con tent which renders the liver more susceptible to free radical attack.
Conclusion
Evidence exists that the additional exposition of iron loaded rats to ethanol has an antioxidative effect as well as a positive influence on the development of liver-fibro sis, in spite of the reduction in anti-oxidative vitamins. Biochemical findings were confirmed by and correlated to the histology. Further investigations will follow.
